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ABSTRACT : 

PROBLEM TO BE SOLVED: To obtain a device and method for 
separating a fluid 

sample into a heavy portion and a light portion. 

SOLUTION: This device includes a plurality of 
constitutional elements 

equipped with a container and the composite element within 
the container. The 

composite element is a separation member provided with at 
least two 

constitutional parts, more detailed, a bellows 72 
accompanied by a sealing main 

body 91, a low density float and a high density ballast. A 



fluid sample is 

distributed to the container, and the apparatus is 
subjected to centrifugal 

separation. By this constitution, centrifugal separation 
load deforms the 

sealing main body 91 of the separation member and the 
separation member moves 

through the fluid sample to be stabilized between the heavy 
and light portions 

of the fluid sample. The sealing main body 91 of the 
separation member returns 

to its first shape elastically by the completion of 
centrifugal separation 

load, and the seal main body 91 is engaged with the 
container to seal the same 

and the composite element separates the fluid sample into 

heavy and light 

portions. 
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1 . Tille of the Invention 

ASSEMBLY AND METHOD POR SEPARATIN6 
COMPONENTS OF AFLUID SAMPLE 

2. ClaijDS 

J. An assembly for sqiarating a fluid sample bto a higba specific gravity phase 
and a lower specific gravity ptuise comimsing: 

a seijarator element comprising a bell0W&, a float and a ballast; 

a said l>eUows con^^sing opposed &^ and second ends, a seal body extending 

t>etween said ends and a central passa^way extending through said bellows; 

a said float is moxinted to said first cxid of sud bellows; and 

a said ballast is mounts to said second end of said bellows. 

2. An assembly for separating a fluid sanQ)lc into a hi^cr spcdflc gravity phase 
and a lower spedfic gravi^ phase comprising; 

a tube comprising an open end, a dosed end, an inner diameter, an outer diameter and a 
sidewali extoidiog between said open end and said closed end; 

said sidewali compiising an outer surface and an inner snr&c:^ 

a closure £sposcd in said open end of said tub^ 

a separator clem^t movable axially in said tube imdcr the adkm of oaitxifugal fence; 

said sq>aratQr elcanent providing selective an annular seal and an open passage fliere 
around in response to pressure differentials in said tube above and below said separator; 

said separator element comprising a bellows, a float aad a ballast; 
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said bdlows comprising opposed first and second ends, a seal body extending between 
said ends for selectively providing an interference fit and an open passage wtb said 
inner surface of said sidewali of said tube in respcmse to attmiating equal and difTcreat 
pressures above and below said sq»arator and a coitral passagpvay extending througb 
said bello^^ to direct said fhnd san^)le into said assembly; 

said float is mounted to said first end of said bellows and con^xrising a density less than 
the ^)ccific gravity of said fluid sample; and 

said ballast is mounted to said second end of said bdlows and compn^g a density 
greater than the spedCc gravity of said fluid sample. 

3. A method for separating a fluid sunple into a higbca: specific gravity phase and 
a Iowa specific gcawiy phase, ccgDoqprising the stq>s of: 

(a) prtyviding a tube compnaing an opm end, a closed cad, an inner diameta:, an 
outer diameter and a sidewall extending between said open end and said dosed end and 
cofl^rising an outer surface and an inner surface; 

(b) providing a closure diqxjsed in said open end of ssud tube ccm^nising a 
resealable sqmmi; 

(c) provichng a sq>afatQr element comprising a bd9ows» a float and a ballast 
whei^>y ssud bellows comprises c^iposcd first and second ends, a seal body extending 
between said ends for sdccdvely providing an interfcrcnoe fit and an open passage with 
said inn^ surface of said sidewall of said tube in response to alternating equal and 
difCbrent pressures above and below said s^>arator, and a central passageway extending 
through said bellows; said float comprising a resealable septum is mounted to said first 
end of said bellows and said ballast is mounted to said second end of said bellows; 
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(d) providing said separator dcmtait in said tube whereby said seal body comprises 
an interfercDce fit wifli said inner wall; 

(e) i»oviding a needle that pendiates ssud closure and said float; 

(f) delivering a fluid sample to said tube whereby said sainple entm tbrou^ said 
needle md thiou£^ said central passageway of said bellows and then into said body of 
said nxbe. 

(g) remowng said needle from said assembly whereby said septum of said closure 
and said float rcscals; 

(h) subjecting said tube with said Separator element to ceotdfUgatton ^oneby said 
seal body separates frora said inner wall of said tube and said separator migrates axialiy 
in said tube ^v^ieby the low density component of ite san^le migrates down the tube; 
and 

(i) teiminating said centrifugation v4ieieby said seal body eiqpands to its 
undcrformed slia^g» sealing against said inner wall of said tube, theiel^ creating a 
barrier between smd hig^ and lower density components of said ffand sample. 

4. A separator for separating a fiuid san^le into a hi^er specific gravity phase 
and a lowex specific ^vtty phase comprising: 



a separator element compnsmg a bellow member, a ballast member and a buoyancy 
member; 
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said bellow member ccNmpiising a bottom section, a tap section, a seal body extending 
between said top secttM and said bottom section and an initially conically convex top 
wall at said top section; 

said buoyancy member crnnprising a top section, a bc^om section and a cential 
passageway extending continuously between said ends; 

fiaid ballast member con^rising a top end, a bottom end, a sidewall exiexxling between 
saidtc^ end and said bottom end and a central passageway surrounded by said sidewall 
extendmg between said top end and said bottom end; and 

whereby said bcUow member is fitted vnthin said convex top wall of said bellow 
member and said ballast member is joined to surround said buoyancy member whereby 
a central passageway exteiuk fioxn said convex lop wall to said bottom end of said 
ballast member. 

5. An assembly for separating a fluid sample into a hig^ specific gravity phase 
and a lower specific gravity phase comprising: 

a tube coiiqmsiiig an opoi end, a dosed end, an inner diameter^ an outer diameter and 
sidewall exteoding between said open end and said closed end; 

said sidewall comprisirig an outer Sm&ce and an inner Surface; 

a closure disposed in said <^9cn end of saaA tube comprising means to engage said 
bellows member of siud separator; 

a sespatalor element movable axially in said tube under the action of centrifugal force; 
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said separator etement providing sdectively an oimular seal and an open passage there 
ait>iind in tespaose to pressure difTerentials in said tube above and below said separator; 

said separator ekinenl compri^g a bdlow member, a ballast member and a buoyancy 
member, 

said bdlows member, a bott<Hn scctiwu a top section, a seal body eKtending betweca 
said t<^ section and said bottom section and an initially conically convex top wall at 
said top section; 

said buoyancy member ampiising a top section, a bottom section and a central 
passageway extending continuously between said cods; and 

said ballast member comprisii^ a top end, a bottom eiid, a sidewall extending between 
said top end and said bottom end and a central passageway sunrounded by said sidcwall 
extendiixg between said top end and said bottom end. 

6. A meftod for separating a fluid sample into a higher specific gravity phase and 
a lower specific gmvity j^iase, comprising the steps o£ 

(a) providing a tube con^nisiag an open end, a closed end* an inner diam^er, aa 
outer diameter and a sidewall exfeendir^ between said open end and said closed end and 
con^^dsing an outer surfiice and an inner sur&ce; 

(b) providing a separator elemem comprising a bdlow member, a ballast member 
and a buoyancy membci; said bellows member^ a bottom section^ a top scx:tiGfn, a seal 
body extending between said top section and said bottom section and an initially 
conically convex top wall at said top secticm; said buoyancy member con^prising a top 
section, a bottom section and a central passageway extending continuously between 
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said ends; and said ballast member oomprisiog a top end, a bottom end, a sktevrall 
extending b^ween said top end and said bottom end and a ooatral passageway 
5Urn)nnd«l by said sidewaU exteiuling between said top ^ ttomend; 

(c) providing a closure disposed in said open cad of said tube comprisipg means to 
engage said bellows member of said separator; 

(d) enga^g said separator with said closum; 

(c) providing a needle dud penetrates said closure and said float; 

(f) delivering a fluid sample to said tube wherd)y said sample enters throu^ said 
needle and through said central passageway of said bdlows and then into said body of 
said tube. 

(g) removing said needle from sud assembly whereby said septum of said clasuie 
and said float reseals; 

(h) subjecting said tube with said separate dement to centrifugation vdieieby said 
seal body sepaiates from said inner waQ of said tube and said sqianEtor migrates axially 
in said tube whereby the low density component of the sanq3le migrates down the tube; 
and 

(i) tenninating said c^trilugation where^ said seal body esqpands to its 
underfonned shaping, sealing a^inst said inner wall of said tube» thereby creating a 
barriei: between said hi^cr and lower density oomponenis of said fluid sample. 
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BACKOROUND OP THE INVENTION 
Field of the InvcnticHi 

This inventioii relates to a device and method for seperating heavier and lifter 
fractions of a fluid sample. More particularfy, this invention relates to a device and method 
fijr collecting and tianspcnting flidd samples y/bcrdby the device and fluid sainple arc 
subjected to centrifugation in order to cause separation of the heavier fraction from die lighter 
fraction of the fluid sample. 

Desmption of Related Art 

Diagnostic tests may require sc^»aration of a patient^s \^le blood sample into 
componems, such as serum or plasma, the lighter phase component, and red Wood cells, the 
heavier phase con^xsoent Samples of whole Hood arc typically coUected by voiipuiKture 
thixHi^ a cannula or needle attadied to a syringe or an evacuated collection tube. Separation 
of die blood into serum or plasma and red blood cells is then accomplished by rotation of Ac 
syringe or tube in a centrifiige. Scch arrangements use a barrier for moving into an area 
adjacent the two phases of the sample being separated t6 mmitain the anuponcats separated 
for subsequent examination of the individual components. 

A variety of devices have been used in collection devices toMivide die area between 
the heavier and lifter phases of a fluid sample. 



(27) 



:m2000-l 99760 



The most widely used device includes thixotn^ic gd materials sucb as polyester gets 
in a tube. The present polyest^ gel serum 3q>aiHtion tubes require special manufecturing 
equlfnnent to prepare fhc gd and to fUl the tubes. Moreover, the shelf-tife of the product is 
limited in that overthne globules may be released ficm the gd mass. These globules have a 
q)ecific gravity that is less than the separated serum and may float in the sennn and may clog 
the measuring instruments, sudb as the in^rument probes used during flie clmical 
examination of tiie sample collected in the tube. Such clogging can lead to oonsidoable 
downtime ftxr the in^rameut to remove the dog. 

No commercially available gd is completely chemically uien to all ana^ytes. If certain 
drug3 aic present in the blood sanq)1e when it is taken, diere can be an adverse chemical 
reactioQ with die gd mterfecc. 

Tberefoce, a need exists for a separator device that (i) is easily used to sqparate a blood 
sample; (ii) is indq>en(fem of temperature during ston^ and sh^)|Hng; (iii) is staMe to 
radiation sterilizadon; (iv) employs the benefits of a thixotropic gd l)arrier yet avoids tfie 
many disadvantages of placing a gd in contact with the sqiatated blood coinponenis; (v) 
minimizes cross contamirwtion of die heavier and It^^tcr phases of the sample during 
ccntrifiigation; (vi) nunSnfiiaes adhesion of (he lower and higher density materials against Hh^ 
separator device; (viQ is able to mcyve into positi<m to fbnn a banicr in less time tlmn 
oonventiona] methods and devices; (viii) b able to provide a dearer specimen with less cdl 
contamination than coovcotional mcdiods and devices; and (jx) can be ised widi stmxlani 
sampling equipment, 

SUMMARY OF THE INVENTION 

The present invention is a method and assembly iat sqiarating a fluid sample into a 
higher spcdfic gravity phase and a lower spedfic gravity i^iase. Desirably, tibc ^sembly of 
the present inventicHi comprises a phuality of constituents. Preferably, the assembly 
comprises a ccHitainer and a composite dement. 
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Most preferoblyp the cant&incr is a tube and the caiq>osite ekmcnt is a separator 
arranged to move in the tube under the action of oattrifugal force in order to separate the 
porrioas of a fluid sample. 

Most prcftxably, the tube comprises an open cud, a closed end and a sidewall 
extending between die opeo end and dosed end. The sidewall eompnses ui out^ surfiace and 
an inner surface. Tbc tube fiirdier comprises a closure di^sed to fit tn the open end of die 
tube wifli a lesealable s^>tum. Altemativ^y, both ends of the tube be opoi, and bodi 
ends of the tube may Ik sealed by dastomeric closures. At least one of die closures of die 
tube may include a xesealable sqnnm, 

Pre&rably, the separator elonent is releaseably posidoned at the opm end of die tube 
vnth the dosure. Alteraativdy, die sq>anitor dement may also be rdcasably po^oned at die 
closed end of the tube. 

Prefiaiibly» die dosure may finrdicr indude a bottom recess tfiat extends into the mbc 
having a phnality of inwardly eocicnding dicumfcrcntially spaced flexible walls or a flexible 
fill] ring for holding the sqyaintor. 

Preferably, the separator element composes an overall specific gravity at a target 

spcrificgravity of at. llie target specific gravity is diat requiied to sqwrrfc a fluid « 
into at least two phases. 

Preferably, the separator comprises at least two oar more regions of differing specific 
gravities. Preferably, at least one of die regions is Mglier dian die target specific gravis and 
ai least one of the regions is loweriban the target specific gravity. 

Preferably, the sqjaiator element croiprises a toroid or a bellows, a foam or a float and a 
sinker or a ballast. The bellows comprises opposed first and second ends and a seal body 
extending between die ends. TTic outer diameter of the seal body is larger dian die mner 



diazneter of lh 
prdficqcttcs. 
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tube for scaliiig engagcmcnL Most picteahly, H>e seal body has elastic 



Most prtfcarably the float is securely moonted to ib& fint end of the bdlows and the 
boUast 13 secordyinooncedtolhc seoood endof the bdbws. 

Altein^cly» the bdkms comprises a fnst end t^ 
second end. 

IVcferably, separator msy be inhiallykie^ 
preftrd>ly> the sepmiae is held in position at tibe Uip of fte tube by an intcxfemice fit 
between the seal body and ibe tube iooer diameter. 

Frefiarably, die 8c^)atator has centml pmagcway diat extends from the firet end 
tfaniu^ the seal bo^r aod to the second eod of the bellows. 

Preferably, the bellows has a specific gravity of about 0.8 to about \2. Most 
pie&rabfy, the bdlows is made tcom aa elastomor has a 50% tensile mgdolus 

(YOUNGS) firai about 100 psi to abem 500 pal 

Desirably^ die seal body may be oouqirised of any natural or syothedc elastomer or 
iQi7ainnetieteoi& flat are inot to tboe fluid sample ofhitetesl and is flexible. 

Prcfecably, die seal body compr^ a qualitative stiffiiess. es^acsscd as follows: 
S*" k 

wbacfcry S* is the non-^mensional sdflfeess cocfficieat. k is a foicc icquircd to deflect the 
bdknvs a ghrtti length, ais the applied acccksration, D is ^ 
is the density of water. 
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De^iably. the quafitattvc stiffiiess of the seal body is from about 0.00006 to about 190. 

Preferably, the seal body may be subjected to a chantctemtic or ladial deflection under 
an applied bad, such as an axially applied load. The chaxaoteristic or ladial deflection u 
defined as a change in length of the seal body relative to the change m crass section diam^ 
of the seal body. Ptdferably, the seal body has a characteristic or radial deflection ratio of 
about 1^ to about 3^. 

Preferably»4)e seal body vAcn subjected to an applied load, such a3 centrifiigation, to 
cause axial defonnadon of the seal t)ody» the change in cross section diameter may be 
expressed d$ follows: 

X 100% = 

l^bffiira 

wherein AD^ is from about 5% to about 20%. 

Therefore^ a change in ciuss section diameter of tihe sea] body is psoportional to die 
undeflected cross section diameter of the seat body. EVcfbrably^ the propoitlon is from about 
,03 to about ^0. 

Desirably, the ballast is a substantially li^d moldable thermoplastic mateiial sucA as 
polyvinyl chloride, polyslyrenc, polyethylene, polypropylenep polyednylenetereOsalate, 
stainless steel, polyester and mixtures thereof that are inert to the fluid sample of tnteitsL 
Most preferably, the ballast is a high density matedaL Preferably, the ballast is mounted 
around tbe second end of the bellows so as not to intecfcic with the central passageway of the 
separator. Most prefmibly, the ballast has a useful specific gravity from about 1.1 to about 
7.9. 
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Desirably, the float is attached to th^ first end of the bellows whereby the float is in 
direct commtmication Tvith the central passagew^. Preferably, the float comprise^ small 
holes to bleed the air out of the central passageway of the sq>arator. Most prcfeiabty, the 
float has a density fiom about .06 to about .95. Prefoably, the float is a low deosiQr material 
such as polyethylene; pdypropylcne. polystyrene; fbaxa an air encapsulated system or a 
mixture of materiak that rcscal. 

Preferably, tbe &q>arator h^ an aggr^te specific gravity of about 1.028 to about 1.09 
^cc so that the s^arator will ccnme to rest under oentrifiigal force substantially at the border 
between heavier and lig^ phases of a fluid san^lc undor oonsideradon. 

Preferably, the 5q}arator as a whole will function under load created by an applied 
acodesation from about 300g to about 3000g. 

Preferably, the separator is initially secured to the top area of the tube and in alignment 
with the closure. The separator is fitted at the top end of die tube whereby d)e bellows of the 
separator, wludb provides the largest diameter of flie separator in its undefixmed state* may 
have an interference fit with the inner sur&ce of the sidewall of the tube. 

Tn use, a fluid sample enters the assembly fay needle. The needle penetrates the closure 
and the float of the sqiarator. The sample cntcis the assembly throu^ the needle and 
throu^ the central passageway offlie bellows arid then iiita the body of tbe tuba Tbcnccdlc 
is wrthdrawn from the assembly and the septum of the closure and the float reseals. 

The assembly is then subjected to ccntrifiigation. Forces exerted by the centrifuge 
cause the seal body to separate fiom the iimer wall of flie tube wfaen^ the seal body 
elongates due to the difference in the buoyancy of the different dements of the separator. 
Undcx centrifogalioa, the se{»rator migrates axially jdown tbe tube towards the closed end to 
the desired interlace. 
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Sufficient xiMyvcment of the separalor wfl] cause tbe sc y ma t m to conlact the blood. 
The ballast at the stamd end of the bellows moves sudally Oo^vnward under ttt centrifugal 
loading. Tbe optional air bleed holes in the float at the rcscalatde sqrtum of iSie bellows 
serve to control the descent rate of ihc sq»rator into the flnkl sample 

Following immo^oa of the separator iu the fluids the float provides a buoyant upward 
force on the separator dne to the displaced fluid Simultaneously, die ballast provides an 
axial force downward on the separator. The cxmbittcd forces stretch the seal body axioUy 
causing radial moverxkent of the seal body inwardly -whidb pulls it oiit of contact with the 
inner wall of the tube sotteu it is free to move axially widumt any fdctiODal drag. 

Thersf<He, a p^ is devdoped betweoi the inner waU of the tube imd the sqiai^ 
permits the flow of the low-density cooiponcnt past the separator as it migr^es down die 
tube. Kfigiatian of the scpaiatcH' tenmnstes yA\cn it reaches the position Imtwoc u the lower 
density fluid compcneot and lu^er density fluid or ccliularfsolid cmnponcnts, equal to its 
overall density. Upon tenninating cefitrifbgatioa the seal body cxpaa6& to its undefbrmed 
sha^ sealhig against the inner wall of the tnbc. thereby creating a banier between the higher 
and lower demity components of the san^lc fluid. 

The sqraiatoi's po^on at the top of the 1at>e in aligmnent wtdi flie cbsnre and the 
separator's float and ocxitxal passagewsy, |m)V]dcs easy direct 

the tube. Thus, the fluid sample is easily delivcicd into the Uhe without o^Kising the 
uncentri&ged fluid sanq)le to the outer sur&« area of flie sqpcar^^ 

When the fluid san^k is blood, die higher specific g^ayfxy portion that ccmtains the 
odhilar cosnpaneots is beti¥een the 3q>aratcr and the bottoin nf^tubc afta coilrijGusalicHL 
The lower specific gravity p<wtioa that contains the cell flee semm Or plasma fiacdon is 
between the float of flie sqpamtor and die top of tbe tube. 
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Tlie separator of the present inventi n cxHnprises. a nsefid range of parameteis and 
there are two imiciple drmng equations defining the parameters: 



OtV, = arVf+a,V. 
(conservation of mass) 

((af-aOVf-(a,-Ot)VO p^= S#Al>k 

a 

(force balance) 

Hie foHowing non-dimensional parameters may ihsa be substitiite into Ae force 
balance: 

V,'=V^; Vt*=VflJ^l SMc/apJD* 

to airivc at: 

( (at- oj Vf' - (a. - od V/) = S-^-S* 

D 

So as to scale prototypes to any size device, wherein the following arc defined: 
^r, aie the ^pedfic gravities of tiie bellows, float and ballast, res^sectivel)^ 
Vt, V|^ V, are the volumes of the bellows, float and ballast, icspectively; 
Pw isthedmsityofwata; 
k is the scpBrator spriog constant; 
a is the sq^lied aoocleratira; and 

5 is die deflection ration defined by: ALMD, where is the change in leng^ 

The left side of the equation can be an infinite number of combinatims of materials 
and geometries and if it is equal to the product of the rigfai side it can be oonduded that the 
device will luxictionu 

Desirable values for the rig^t side of tl^ equation arc as follows^ 
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6=1.5-33 
AEVD = .05to.2 
S"^' 0.043 to 0:220. 

Altiematively, the sq^arator dement may comprise an arrangement comprising a 
bellow member, a ballast monber and a buoyancy or a float member. 

Most preferably^ the bellow member is made of a material and shq>e which allows 
deflections cau^ by opposing forces. 

Most iH^eferably, the buoyancy member has a conaponent density whoncby it has fhe 
cqiability of Qoating in serum of a blood sanq>Ie. Preferably^ tbe buoyancy member is made 
of a low density material such as foam or a material or mixture of materials so that it 
siTHulates a low density material such as foam. 

Most preferaUy, the ballast member has a component density ^^ereby it has the 
capability of dnking in a blood sample. Preferably, the ballast member is made of a hi^ 
density material such as a substtmtiBlly ris^d moldabic thcrmG^lastic material. Such materials 
include but are not limited to polyvinyl chloride, polystyrene^ polyeth^eae, polyprop^ene, 
stainless steel, polyester and nuxtures (beieof that are inot to tiie flwd san^le of interest 

Most preferably^ the sq>arator dement is arranged wher^ the ballast member and 
buoyancc members arc connected and a central passagewa^y extmds Arough Aem. The 
bellow member covers the entrance to die central passagcwafy and provides a pimeable 
barrier extending across file entrance to the centmlpassagewE^. 

Most preferably, the scpaxstor elements are assembled to create opposing forces to 
deflect the bellow member inwardly and allow it to move axially in ibe tube while under the 
proper loading. 
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Most preferably, the orvcrall density of the separator is the target density ot yn^cxehy to 
cause the device to jpoation itself between tlic Idg^icr and lower density of a flnid sampl . 

Dcsiiabty, tbc bellow member may be comprised of any natural or synthetic clastomBr 
or niixtuTD thereof that ate inert to the fhiidsanqyle of tntoest and is flexible. 

PrefiscaMy, tiic bellow member con^jrises a qualitative stifiaicss, expicssd as foUoro: 
apwD» 

where^rj^ S* is the non-dimenstonal stif&icss cocfficiait, k is a force icquired to deflect the 
bellow member a givea length, a is the icd acccferstioD, D is the diamcta of the bcflow 
member and pw is die deosiTy of water. 

Desirably, the qualitative stjfifiicss of the bellow member is fiom about 0.00006 to 
about 190. 

IVefeiably, the bdlow member may be subjected to a charactErisdc or radial defledi<m 
undor an ^^ed load, soch as an axially applied kad. Ibe characteristic or radial deflcctioa 
is defined as a d^i^ in lengtb of the beUow meiiiba- rdbti ve tD die 
diameter rfibebdlow member. Prtferf)ly. (he bellow member has a chaiactaistic or radial 
deflection ratio of about 1.5 to about 3^. 

Preferably, tbc bellow member when sobjected to an applied load, such as 
centrifiigatioa, to cause axial ddformalkm. Ac change in cross section diameter may be 
expressed as follows: 

. X 100% ^ AD. 
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wherein ADcni& from about 5% t about 20%. 

Therefore, a change in etos& section diameter of tfie bellow tnember is proportional to 
the imdeflectcd cross sectiaii diameter of the bdlow membtf. FYef^bly, the propordori is 
from about .03 to about 

Desirably, the ballast member is a substantially rigid moldable thermoplastic mateiial 
such as polyvinyl ddoride, polystyrene, polyethylenBi polyprcpyloie, polyester and mixtures 
thereof that are inert to the fluid sample of interest Most pre&rably, the ballast member is a 
hi^ density material. Most prefiorably, ^ ballast member has a useful specific gravi^ from 
about 1.1 to about 7.9. 

Desirably, tiic buoyant member has a useful q^fic gravis from about j06 to about 
.95. Pre&iably, the buoyancy member is a low density material such as foam ex encsgTSulated 
air. 

Preferably, the sepaiatDrbas an aggregate q)edfic gra>d^ of about 1.028 to about 1j09 
g^cc so that the sepaiatof wQl oocnc to rest under centrifugal fottt substantially at the iKnnter 
between the heavier and ligjiter phases of a fluid sample undcsr oon^derati(»i. 

Preferably, the separautf as a whole wni fuoctioo under load created by an applied 
acceleration from about 300g to about 3000g. 

Preferably, the separator is initially seemed to the bottom recess of the closure. The 
sq>arator is fitted with the closure whereby the lydlows member of sq>aTator. which provides 
the larg^ diameter of the sqnrator in its undeformed state, has a fit mtti the bottom recess 
of the closure. Altemadvely, the separator may also be releasably portioned at the closed 
end of the tube. 
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In ase^ a Odd siunploentm the assembly by needle. Tbc needle penetrates the closure 
find the bellow member of tbe sqpaFOtor. Hie sample entm the a^senoMy tlntnigh the needle 
and through the central passageway of the separator and then into (he body of tfie tnbe. The 
needle is Tvitfidrawn from the assembly and the septum of the closure and the bellow member 
reseaR 

The assembly is then subjected to centrifugaticm. Forces exerted on the separator by 
tiie centrifuge cause the separator to separate from the closure or move ^m its initial 
position whereby the bellow member elongates as the ^arator migrates due to the forces 
pulling oi it Under centrifugation» the sq)arat(H- is released fiom 4k closure. The separator 
migrates axtally down the tube towards the dosed end. 

Sufficient movement of the separator will cause the separator to contact the blood. Air 
trapped in the central passageway creates a buoyancy thai could prevent further sinking of the 
separator into the fluid. However, tbe trapped an vents fiirough a defect in the bdlow 
member that is caused by the needle. This venting of air pemiits funfaer movement of the 
sqiarator into tbe fhnd. 

Following immersion of the separator in the fluid, the buoyancy member provides a 
buoyant upward force on Hie 6q>arat«: due to the displaced flmd. Simultaneously, tlie ballast 
member provides an asdfll force downward on the separator. The combined forces stretch the 
bellow member axially and puUs it out of contact wilh the closure so iheei it is free to move 
axially without any frictional drag. 

Therefore, apath is developed between the inner wall of the tube «id the separator that 
permits the flow of 4he low-den^ty conqKment past the separator as h migrates down the 
tubew Migration of the scparBt<»r terminates when it reaches tiie position between die lower 
density fluid component and hi^er densi^ fluid or cellulai/solid components, equal to its 
overall density. Upon terminating centrifugation, the bellow member expands to its 
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undcfomied dxapc, aealiog against the hmer wall of ihe tube, iher^ crating a ^aEric^ 
between the hiighar and lower detisttyconq^ fthesan^bflvdd. 

Tht sepaiator's positicm at the top of ifae tube in alignm^ with tbe dosure aad the 
separator's peoetrable bellows member and coitcal ]»asagB, |n:ovidc3 easy direct loading of 
the fluid sample into the tube. Ibus, the fluid sany;>teb easily ddhrod into the tribe w^ 
cxposEtig iht uacentrifuged fluid saniplc to the outEr sut&oc area of the sq)&xatQr. 

When the fluid immplc is blood, tiie higher spedfic gravity poiticm ^ ctwitains- the 
cclhilar cQn^xucnts is between the separator and the bottom of the tobe after centcifii^ttton. 
The tower qpecifio gravity porticm that contains the cdl free senrai or plasma fiaaitm is 
between the bellows of the separator and the top of the tube. 

The fiqiarator Of the present mvention comprises a usefb) range of parameters and 
there arc two pnnciple driving equations for defining d)c parametscrs; 

(conservation of mass) 

((af-oi)Vf-(ae-aOVJ 8»AENk: 

a 

(force balance) 

Ihe following non-dimensional parameters may then be substitute into the force 
balance: 

V*«V^; Vy^^V/D^; S*-kAipJ)^ 

to arrive at: 



D 
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So as to scale prototype? to any size device, \vberein Ibe fbflowing are defined: 

o„ Of , as are the ^>ecilic gravities of the bellow member, buoyance member and baDast 

member, rc^>ectively^ 

V,^ V|; V3 aie the volumes of the bellow member, buoyance member and ballast member, 
respeclivefy; 

pw is density of water; 

k is the sqmrator spring constant; 

a is the aj^lied acceleration; and 

S is the deflection ration defined by: AUAD, where At is^ change in length. 

The left side of the eqaatioD can be an infinite number of combinatiai& of materials 
and geometries and if it is equal to the product of the ri^ side it can be concluded that the 
devioe wiU function. 

Desirable values for the ri^ side of the equation are as follows: 
8=1.5-3^ 
M)/D = .05to.2 
S*- 0.043 to 0^0. 

The assembly of the present invcntian is advantageous over existing separation 
products that use gcL la paiticular the assembly of the pteseot inventicm will not intecfere 
widi aoalytes as conipared to gels that may interfete with analytes. Anodier attribute of the 
present invention is ti^at the assembly of the present inventicn will not interfere with 
thcrapeitfic drug momtoiing analytes. 

Most notably, is that the time to sq|>arate a fluid san^le into separate densities is 
achieved in substantially less time with the assembly of the present iirvention as con^ared to 
assemblies that use gel. 
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Attotfier iMtfitbk: advantage of the present inventioa is diat fluid specimens aie dot 
subjected to low density gc] residuals ftat are at times availatble in products 4iat ise gcL 

A further attribute of the pceseitf invention b HxtA fbac b uo mterfbrcnce with 
instrument probes. 

Another attribute of the prcseat invention is that samples for blood banking tests are 
more %:oeptablethaii>when ft gel separsboris ir;ed. 

Another attcibutie of the present invention b that only the sid)sC8niial]y cell-ftee serum 
ftactioo of a blood sample is exposed to the top stic&oe of the scparolDr, thus pnyviding 
pracdtioiiecs with a clean sample. 

Addftioaally, tSaid assembly of the preset^ invention does not require any additional 
siqps or ircmmcnt by a medical pracdtloner, whereby a blood or fluid 5«o:4)le is drawn in (he 
standard fehion, using standard sampling equipment 



IMSTAILED DESCRIPTION 

The present mventioii may be embodied in other specific fonns and is not limited to 
any specific embodiments described in detail, v^xh ate mcrdy exemplary. Various other 
modifications will be apparent to and readily made by tiiose skilled in the art without 
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d^>atm£ fiwn Ihc scope and spirit of the mvendosu Tbe scope ctf Ac invo^tioa will be 
measured by tbe ^^Mnded claiin^ and their oqiuvalents. 

One cmbodhncot of tbe present invention is illustrated in FIGS. L to 6, wherein 
assembly 20 coxtfnifies a tube 30» a dosure 50 

Tt^ 30 has an open end 52 tbat inchjctes a top edge 33, a dosed QHl 34 and a sidenr^ 
36 extending (»tweca the open end and die closed end. Sidewall 36 baa ai outer sor&ce 38 
andaQtnnersur&ce40. Tube 30 defines a receptacle -with a centiBla?d3^A''. 

Tube 30 is pie&nbly made finm a substantially transparent and rigid mjrf^'ni 
Suitable moteriab or the tube include glassy polystyicuGy polycthyleneterqAthalaie, 
polycaibooate and the tike. 

Closure 50 is disposed Co Gt o>rcr open end 32 of tube 30. Closure 50 comiKises ssi 
annular upper portion 52 whkh eactoids over lop edge 33 of sidewall 36 and a lower maular 
portion or skirt 54 of lesser diameter than the annular iqyper portion 52 whid) extends into 
and fi»nns an intcrfoence fit with inner surlace 40 of ^dewaU 36 tor mairrtnfning stepper SO 
m place in open end 32. 

Annular upper portion 32 includes a top sur&ce area 56, sidewa)! 58 that converges 
&om sut&ce area 56 towaidB i^ipcr well area 60- Well arca 60 b most preferably a thin 
diaphragm or a sealii^ R^rtum fta: diiecting and reccmng Ac po^ 
insetted into and throv^ the stopper. 

Lower aOTiJar skirt pordos 54 defines a lower wdi 62. an kmcr wall sur&oe; 64 m 
outer wall surface 66 and a bottom sur&ce 68. Wdl area $0 and lower well area 62 define a 
thin diaphragm or self-sealing septum through which a needle may be inserted. The self 
sealing sq>tum material allows penetration by a piercing elemoit snch as t n*^^f and dioi 
reseals when, the piercing element is wilhdrEwn. 
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An anmilar ledge or dbimnoit 57 sqjarates airai^ 
p(Htion 54. 

Prefa:ably, the donnc maybe made of natufal rubber elastomff, syndictic 
thernioplastic and thennoset elastomeric matorials. Fxeferably. the closure is made of a 
xcsUicait dastomeiic material Tvher^y ihc sqHum Is self-sealing. 

As shown ia FIG. 6, sqxuratar 70 con^iriscs an clastic toroid or an elastic bellows 72, a 
low-density foam or a Jow dmtiXy float W and a higMcnsity fiinkar or a hi^^i da^ haUast 
110. The ocnnpaneats of tlie sepm^ arc fonncd firom matedak to exhibit a amibined 
density less tirna the density of red blood cells, but greater than the dcaisity of serum of a 
blood sample. 

Bellows 72 indudes a top section 86, a bottom secticm and a seal body 91 
extending from the top section to the bottom section widi a central passageway 98 extending 
between the end^ and Ae seal bod/. 

Low-doisity float 90 b located at top section 86 and balto 110 is located at bottom 
scctlon8& Ballast 110 sumremds bottom section 88 -witfaoirt obgtnirtfmg ggaitrpi p^^^g^^^^ 
98. Low density float 90 is at top section 86 and in cfiitct aligns 
98. 

Low-density float 90 ccNiqnises small holes 95 to bleed m out of cential pmsa^way 
98 when in use 

The outside cfiametcr ^ of top section 86 and the outside dmmetcr of bonom 
section 88 is less than the outside (fiamdcr ''c^ of die seal body when the seal body is in its 
und^ormcd position. 
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Seallx)dy91ofbdlows72andthciimerwaJIof(^ -j^^ 
Io\*KieDsity float and the higMcnsi^ Mast dp not interfere with tt* inner waU of fte tube. 

Bellows 72 may be assetnblcd by raounting float 9* over Top section 86 and baUast 
110 around the outer circiimfaBnce of bottwn^ The separator is then TOcrtcd into tbc 
open end of the tube. Sufficient radial intCTfcrcnce causes ftc seal body to seaUngiy aiga^ 
the inner tube sidcwall. 

As sbo^ in PIG. 3, a liquid sample A is delivered to the tube by a needle thift 
penetrates dosure 50 in well area 60 and the float. For purposes of iUnstration only, 
the Gqidd sample is blood. The hqoid sample is delivered uAq the passf^emy of thr 
separator so that ihc Hqind sample is introduced between closed end 34 of the tube and the 
separator whereby the outer sinfecc of all components of the sqpartfor arc substantially ficc 
of any Gontact with the fluid saflipie. 

As shown in HG, 4 when assembly 2Q is subjected to ccmrilhgmioin or axial 
oentrifugation force, seal bo<ty 91 of sqfwator 70 dcfleds, zdeases fiora the inner wall of the 
tube and descends towanfc closed end 34 of tube 30. As the separator descends, a low^r 
qiecific gravity fractioo B of fluid sample A moves upwardly past the scpaia to r- Ahwillbe 
trqjped in fte passageway when flbe bottom section ofthebdlows contacts flie fluid sanple. 
This trapped air could rei^rla fiinher downward movaneat of Ibe aqpandor. However; the 
small hoks in the float defines apatb through which tr^iped air may esc^ the passags^v^. 
Thus, sq>aratOT 70 is pennitted to sink iato the fluid sample. 

As die sepaiator descends; seal body 91 of the separata deflects redi^ 
and eUmmating its intcrfeteacejGt with flic Ibisopcxs Upapadi 100 

between flie tube md the separeta^ permitting die flow of the low^cnsity con^Kxieiit of die 
fluid past the sq>arator as flic separator migrates down the tube. The low residual density 
component inside the passageway 98 of flie sqparator wiU migrate downwaidiy and upwardly 
past the separator. 
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A3 shown in FIGS. 5 and 5A, after ccntrifUgaiiod is tEnmnoied, tbo eA>senc& of the 
ccntrifiigal load will cause baVukur portion to resUioady letmn toward an uoderftHmed 
condition and ti^tly seal with the inner waUofthc tube as IW separator 

70 serves as a divider between Iowa specific gravity p(nrtion B and Id^xar sptdRo gravity 
portion C of the liquid sample. 

Tube 30 i5 compaTible wldi most of the mimeious additives used in senile coUccdcm 
tubes audi as citrates, ulLconCt silicatis» BDTA and the like that are used to cond^on the 
sample cithflr to fiicilhate or retard clottiiig, or to preserve die sample for apaxtioular analysis. 
It is wiihtn the purview of this invention th^ one or mofc additives may be used in the 
present invention tbr particular appUcationSy 

FIGS. 7-13 r^firesent an altcmnive embodiment of the present invention. 

As illustrated in FIGS. 7-13« Ac ahcmative embodinkcnt conqjnscs assembly 120» 
which comprises a tube 130> a dosore 159 and a separate 170. 

"Hibe 130 has an open end 13Z fhA inchides a tiop edge 133, a clos^ end 134 and a 
stdewall 136 extending b^een the qpen end and tiie dosed Old. Sidewall 136 has an outer 
sor&oo 138 and an inner surface 140. Ildse 139 defines a xeoqnacle with a oeotial axis "VV". 

Tbbe 130 is preferably made from a substantiality tian^paiuit and rigfd masieciid. 
Suitable maif yi als or die tube inchidB glass, polyatyrone. polycdiyleneteceplitfuilate, 
polycartxHoaCe and die like 

aosnrel50isdi^)osedtofitov«ropcnendmoftiibel3«. Qosuie 150 comprises 
an annular 1^>pcr portion 152 vMdh ectends over top ed^ 133 of mdewall 136 and a lower 
annular portion or skirt 154 of lesser diameter than (he annnlar upper portion 152 whidi 
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exteods into and forms an interfetcttcc fir with inner surftoe UQ of sidcmU 136 for 
main ta inmg stopper ISO in place in opm cad 132. 

Annular upper portion ISl includes a top «irfacc area 156, sidcwall 158 tbat 
converges from saif&ce area 156 towards uppear wdl aiea 160. WeU ar«a 160 is most 
jreftxably a thin diaphragm or a sdf scaling septum fwdiiectii^ andrccdvh^ Aft point of a 
needJe to be iQsertBd into and through the stopper. 

Lowfir mmuiar skirt portion 154 deCmcs a lowca: wdl 162, an inner wall siir&ce, 164 
an outerivall surfoce ]66 and abottom surface 168. Well area 160 and lower wdl aica 162 
de&eathindiq^lnagmorself-sealiiigsqpftunitfaiou^ Xhe 
sdf sealing septum aiatarial allows penetration by a picrdog dement socfa as a needle and 
tiicn reseats when tiie plefdog element is withdrawn. 

An annular ledge or abutmcist 157 separates annular i^ipcr pcmicm 1S2 and lower 
aomilar paitioa 1^. Located on boitom $ur&oe 168 of lower annular portion 154 arc 
^ippbg means 169 that arc used to initiaUy align and hdd the sqpaiator. 

Pne&rably, the dostxc ma(ybe made of natural robber ebstomei; synthetic 
diennoplastic and tkomoset dastomedc aiatarial^ Pn^Gsrabty, tbe dosute is of a 
resilient elastomoic material wbmhj the septum is self-scaling. 

As ^unra in FIGS. 12 and [3, separator 17# oomprfses a bdlow member 172, a low- 
dtositybuoyanQeorflo^E>emb«rl90andahigMai»tya^ The 
corapODcnts of the separator are fisnncd from matenals to eadubit & combined deostiy less 
than the density of red blood cdb, but greata- than the densi^ of senon of a blood sample. 

Buoyancy member 190 comprises a top section 211a bottom sectico 212 and a central 
passageway 2li exteni£ng conlianously between fee ends. 
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Bellow member 172 oompiises a raptarable dastDmmc matedal such as Kraton 
copolymer, a methane orPVC. BcDow member 172 includes a battom 188, a top 186» a seal 
body 191 extendmg b^weeo the top bikI bottom, a^ 
tq>186. 

Ballast member 210 com|ttiscs a cylindrical sidewaU 22ft extending from a top end 
221 to a bottom end 222 and a central passageway 223 ext£^iding between the top and bottom 
ends. 

Ibc separate is assembled w*eiehy ballast member 210 a 
172 top end 221 of ballast member 219 is fitted within convex top \vall 199 and then die 
bottom end of the ballast member is joined widi top section 211 of the buoyance member 
whereby central passageway 223 extends from top wall 199 throuf^ to bottom end 222 of the 
ballast member 210. 

As shown m FIO. 9, a liqmd san^ic A is delivered to the tube by a needle that 
penetrates closure 150 m upper well area 160 and ocmical tap wall 199 of bellow member 
172. For purposes of ilhistration only, the liquid samxde is blood Tlic liquid sample is 
delivCTcd into the passageway of the sepaiatcn- so that the liquid sao^le is intro&iced between 
closed end 34 of the tube and ibe sq>anitQr wberel^ the outer surfeoe of all components of 
the separator are substantially fice of any contact wiib^e fluid sanq)le. 

As shown in FIGS. 10 and 11 when assembly 120 is subjected to ccntrifiigation or 
axial centrifiigation force, seal body deflects, whereby the separaka- release from tiic closure 
and descends towards dosed end 134 of tube 130. As the seiNoator dcscaids, a lower 
specific gravity fractioa B of fluid sample A moves iqjwardly past tiw separator. 

As the separator descends, seal body 191 of the separator drflecis reducing its 
diameter and eliminating its inteiftraice fit with the inner wall of the tube. TOs opens up a 
path 300 between the tube and the sepaiaior, permitting the flow of Ac low-density 
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campoMntofthe fluid past Ac separator as the sc^ Tbclow 
residual density component inside central passagpway 223 of the sepaiator wiU migiBtc 
downwardly and upftwdly past the separator. 

After oeitrifiig3liop is terminated, the absence of the ccntrifii^ load will cause the 
seal body to resUicntly return toward an undeibniied conditioQ and ti^ti|y seal with the inner 
wall oftiic tube as shown in FIG. 12. Thus, sqparator 170 scivcs as a divite between Icwc^ 
specific gravity porticm B and higher specific gravity pcotion C of the liquid sample. 

Tube 130 is compafible with roost of the numcroua additives used in sample collectlcoi 
tubes such as citrates, silicone, silicates, EDTA and die like tfiat are used to omdition the 
san^l e ei&er to facilitate or leCard clotting, or to preserve the 5an^>le fiar a paiticQiar anajfysis. 
It is within the purview of this invention that one or mOTe additives may be used in the 
present invedtion for particular (q>plk8tion3. 



EXAMPLE 1 

An assembly of the present invention was ocMnpared to a commcicially available 
produaibatusesagdasthesqwatorniedianisro. Tea samples of die present invention and 
tea samples of the commercial product were usesi Ibe commercial product was 
VACITTAINER Brand PLUS SSTC> tubes (trademarks of and mami&ctuied by Bccton 
Dickinson and Co., Franklin Lakes, Nl) (Catalog No. 36798S), 

The separate of the present invcntiOEn comprising a bellows, a flo^ and a ballast were 
made frwn s^jarate molds using an injection molding process. The bellows was made ftom a 
GLS Dynaflex(& G6725 dwnnoplastic elastomer compound (DYNAFLEX® is a trademark of 
and raanufechired by GLS Cofporation. Caiy, Illinois) having a specific gravity of 0.889, The 
float was made fiom a pre-conqxHinded blend of Eastman LDPE 187<^A and 3M Scotchlite™ 
glass bubbles S60 (SCOTCHUra™ is a trademark of and manufecmred by 3M, SL Paul, 
MN) to yield a specific gravity of about 0-809. The ballast was made from Eastar® MND58 
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oopofyester (EASTAR® is a tmdanaik of mid laanufactiiKd by Eastman Caimnical 
Company, jangspart,T74) with a sj^^ 1335. 

1T» sqjaratOTT vm assOTblcd with a dos 
with a tobe. Hie awembly was assembled and evacuated to a Icvd which yield 8.5 ml blood 
draw. 

A Wood sampte was directed iiito each of the to 
thecommerctelpiodnct Each sample was placed in a flow tnoddcoarife^ 
at 1000 KCP fyr five mkiifies. The separator of the j;msent inveotioQ and that of to; 
commercial pzoduct xnigrated into position and fonncd a seal between ttm saum and ttie red 
bkK)dcdls/dot. The sennnanafyte9wei?e then ineast^ Ihdinical 
c^emistiy, analytcs (components in human bloo<0 are noeasured and wed to aid in the 
dlagno^ and monitoring of diseased states in hnnmn padeaiti. The resnhs of Table 1 show 
to tbe present invention, whidh has a non-gd separator, yid^ cran^uifAIc scrum analytc 
values as to the comxnercial pioduct dmt contains 



TABLE 1 



Analytc N-IO 


OiiQQse 












124^ 




1.0 


1J8.1 


PLUS 531" 


1^ 






138.1 








AnalytfiN-lO 


nrtassuua 
4A 












100.7 








PrcscAt ^ytenCMM 


Cilchnn 

93 


3^ 


113 


Afinunin 
4J 


PLUS KST 


93 


isr 


7-13 


4i 




Avettytt N=10 

Reseat TDYCttdOn 
PLUS SST 


TfT 

0.6 


AtkaKnc 


U)H.Taal 

MI.7 


GOT 

232 
23.1 


26 
23l1 
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PHJS&t 



25 



~ 127.1 



Omleslerel"' 
197i 



OAMPLE2 

The S€par9tQx: of die present invention con^msing a beiimvs, a flwit^ and a balla^ 
were mftde firom srparate molds using oi injection inoldin^ process, lie bdlows was made 
from GLS Dynaflex® G6725 Hjeonoplastic elastomer compcaind (DYNAFLEXtt) is a 
tradcmaric of and manii&ctured by OLS Cwp., Gary, fll) ha^ a specific gnmy of QM9. 
The float was made from a pro-oompounded Mend of Dow LDPE 9931 aod Uhiroyal 
Chemical Celogea® 754 A to yidd a spccifk; gravity of 0.782. TTic ballast was made fiom 
EastartS) MN058 copolyestcr (ESTAR® Ls o tradmimk «f and numufiictuEed by Eaannatt 
Chemical Company, Kingspoit, TN) with a specific gravity of U35. The sqKuator was 
assembled with a closure deaigncd to receive Ac separator find ibm with a tube. The 
assembly was assembled and evacuated to a level which yidd 8-5 nd blood draw. 

A blood saxzq^le was directed into each 3anq>lc. Then cadi sample was i^aced in a 
floor model cemri&ge and centrifiiged for three mimitcs. The ay»»^Vr of the present 
invention and that of (he camnardal product migrated into positica and fbaned a seal 
betw!«nthcBerom«ndtJK!i«dbk)odcc!hAJo^ sowm analytes were ten measured and 
rc^XtttediaI^ble2. 

TABLE 2 







BUN 








ftvsenC favcmJflo 






0-71 


IQS^ 


U9.7 




208.2 


133 




107.7 




Analyte 




1 6kUHki 1 


UlBC 








" 4.1 




280.9 


283.4 


dilcun 
9.4 " 


PLLfSSST 1 


4.1 


101.5 


277J 


281^ 


9.4 — 
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Analyie 


(Iraspliocais 


Piofcia 


Alboinn 


Oiract fittnUii 


ToiaS biUnAim 

* VUU Wl'l 






4.t 


7J 


4.41 








PLUSSST 


U 


7i 


4.39 


aifi3 


0/53 




Afujyu 


Bifinibin 


AJbOino 

0 


LDH.Tou! 


GOT 


Lap 




wieMnt ln¥crttton 




184^ 






sell 


23 




0.1ti3 


I82i! 


313.9 


18 




22Ji " 








AmOyts 


AmylasB 


AJUT 


UrjcAdd 


Iron 


Tiiglycarjde 


Qioiesccfol 


Prcscni InvdcfoB 




213 


56.1 




94 


183 


PLUSSST 


\m 


" 311^ 






^IJ5 


IC3 



EXAMPLE 3 

An assembly of fhc piesen invaition was c in iy a te d to a oornxnorciaUy available 
product that has a gd con^ioncnt as Ihc 5q)ajBtDr mechanism. A san^le of the p3:eseiit 
iitvfixition And a sanqyie of the oonnnerdal product used The commercial product was 
VACUTAINBR Brand PLUS SSTiD tubes (trademaife of a manu&ctured by Bccton 
Dickiii90Q and Co^ Praoldin Lakes, NJ, Caubg No. 367988). Ibc separator of llie present 
inveoiioa cotnprising a bellows, a float, and a ballast made fiom 9eparatE molds using 
an h^ection molding pnx3efi&. The bdlofws was made from GLS Dynafikx® G6730 
thtxmoplastic elastomer compound (DYNAFLEXid is a trademark of an mami&ctuted by 
GLS Coqx, Gary, ID) having a speci& gravity of 0.889. The fioet was made from a pire- 
OMBpmmdcd blend ofDow LDPB 9931 and Umit^ Ommcal Cologm® 754A to yield a 
spedGc gravity of 0.782. The ballast was made from ptgnamtsd Eastaor® MN058 oqpolyc^ 
(EASTARfi^ is a trademark of and maimftccuied fay F^wt^ rv^n Chonical Co., Kingsport, TN) 
with a specifk gravity of 1335. ThcBepamtorwsapositiiniBdatthebatHHnoflhetu^ 

A blood satQpIe was directed into each of the samples of the present inventioai and the 
commcrctal product. Then each ^mplc was placed in a floor model coxtrifUge and 
C€aitrifiigal for tM minutes. The separator of the presem im«ad^ 

product migrates into positicm ami forms a seal between fte plasma and ^ red blood cells. 
The plasma analytes were measured and reported in Table 3. 
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TABLES 







OOOGe 


BUN 


Cttatmwc 


Sodhim 


l^csent laventtoa 


^\ 


24hl3 J 


intbal 
19 


24fiS 
19 


Initial 
I.I 




Initial 
140 


24 his 


TUbeN^I 


49 




19 


20 


hi 






142 





iutia] 


Kassun 
24bn 


Oil 


Dlitk 
24hrs 


6A 


ctnm 
24|ir8 


Ioot 




PiwoH hrvcation 
TiiboN=3 


4.1 


4>4 


104 


104 


93 




Isitial 
3.7 


241ir5 


TEDSPSf ~ 
TtabcN-1 


4.0 




104 


104 


9-5 




3.9 


3.9 
















Atbt 


nnin 
24hfs 


Oiok 
Imtial 


SStETOl 


aillcubi 


tsTbtal 




7-8 


7.8 


4J6 


4.7 


IK 


24liB 
179 


IJO 


24hi7 
0.8 


PLUSPST 
•HibeN-I 




7.7 


4J& 


4.7 




"m 




0.8 












Al 

PItos 
feiiia] 


kalme 


U 

initial 


24IHS 


Gt 

IniUal 


i41»s 


Inhtal 


IT 


Ttd>eH-3 


0.W 


aw 


153 


m 


12 


13 


23 


24 hK 
22 


TLUSPST 
'AibeN-l 


1.6"" 


o.i 


149 


170 


13 


u ■ 


23 


22 









Vm 


Add 


Iran, Total 


TVielYoendei 




Initial 


a4hr9 


lartial 


24hn 


imtol 


24hn 


loitBt 




msentlnvenHoa 
■pUgRY 


17 


18 




^4,1 






82 






17 


1^ 


3.7 


'4.0 


344 


■353 


81 


83 
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4. Brief Description of the Dravings 

FIG, 1 iaapcnpcctiyD vimofdkeasscxnhlyof tfaeprtsemi^^ 



FIG. 2 is a langbudinal scctknal view of the assembly of FIG. 1 taken along liae 2-2 
thereof. 

FIG. 3 is a kmgjtudioal sectiraial view of the assembly of HO. I taken aliaug line 2-2 
thereof iliDstrariqg fiutd ddiveiy into the assembty by a needle. 

FIG. 4 iUiistiBtes that assmbty under centrifu^oa and tiie idease of the separator 
from Ihe gripping means ai the dosure. 

FIGS. SwadSA illiistatea the assembly after cemrifiigmioxi md the squiation of the 
Hquid sample into hi|^ and lower s^ific gravities. 

HG. 6 Is a peispective view of the unassembled elements of the assembly of the 
jntseiit hiveiiti<HEi. 

PIG. 7 is apetspectfvc view of an alternate embodimeiit of the assonbly of the present 
nvcntioQ. 

FIG. 8 is a longitn<tinal sectiooal view of the assembly of FIG. 7 taken along tine 8^ 
thcFcoi 

FIG. 9 is a kmgjtodinal sectional view of the assemUy of FIG. 7 taken along line g-8 
thereof iUxistrating fluid deliveiy into the assmibly by a needle. 

FIG- 10 and 11 ilhistrates that aascarAly under oentnfbgBtion and rdease of the 
separator from the grtpphig means of the closure. 

FIG^ 12 iUasttates the assembly after ccntrifugatioa and the separatton of the liquid 
saniple into hig^ and lower specific gravities. 

FIG. 13 is a perspective view of the tinassembled danents of the assembly of the 
piescnt invcntioQ. 
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FIG-3 
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FIG-4 
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FIG-5 
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FIG-'? 
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FIG- /3 
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1 . Abstract 

A device and method for separating heavier and lighter fractions of a fluid 
sample, llic device includes a phuallty of constituents con]|)rising a container and a 
composite element in container. The cooqiosite element is a sqparator conqjrising 
at least two components and more particnlarly, a bellows with a seal body, a low- 
den^ty float and a hi^-denstty ballast. A Quad sample u delivered to the container 
and the device is subjected to centriAigatioD i\4ieieby die centrifugal load causes the 
seal body of the sq>ax^or to deform so that the sq)aratos' migrates duou^ fte fluid 
S^mpk and ftcn stabilizes between the heavier and lighter fracticHis of 1ht fluid 
sample. The seal body of the sqiarator will rcsiliently return to its initial ooofiguratiCD 
upon tennination of the centriiiigal load such that flie seal body sealingiy engages the 
container and the composite element separates the heavier and lighter fractions of the 
fluid sanqile. 

2 . Repzosentative Drawing 
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